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Chapter 1
Characterization of the Watershed

INTRODUCTION

Watershed analysis is a planning process for understanding the ecosystem at a watershed
scale. The context of a watershed is used because it is a defined land area with its own
unique set of physical, biological, and social features, recurring ecological processes, and
historical land use patterns. While the focus is on issues causing greatest concern for the
watershed as a whole, the purpose of the analysis is to determine when and where
management activities such as restoration, fishery protection, and enhancement efforts are
essential and what conditions require such actions. Success in sustaining healthy ecological
functions and the productivity of natural resources would be enhanced by the understanding
gained through watershed analysis.

CHARACTERIZATION OF THE WATERSHED

The Bend Watershed is mostly recognized as a source of high quality water originating in
cool clear springs in the Happy Valley area and snowmelt of nearby Broken Top. The most
visible water features are Tumalo Creek, Tumalo Falls, Bridge Creek, and Bull Spring. Its
most recognizable land features are Ball Butte, Tumalo Mountain, Happy Valley, Shevlin
Park, the Bridge Creek Fire area, Bearwallow Butte, and private lands owned by Crown
Pacific. Historic Skyliner Lodge is a focal point for summer and winter recreation activities
close to Bend and easily accessed by Road 4601.

Located west of Bend and northeast of Mt. Bachelor at the northern end of the Bend/Fort
Rock Ranger District on the Deschutes National Forest, the highest elevations in the
watershed are Ball Butte (8,091 ft.) in the northwest corner and Tumalo Mountain (7,775 ft.)
in the southwest corner. Topography gradually slopes in an easterly direction towards
Tumalo Creek (4,900 ft.). Known geologically as the broad High Lava Plains, the eruption
of Mt. Mazama over 7,700 years ago deposited 2 feet of pumice and ash here.

The entire watershed covers approximately 61,660 acres and of the 24,266 acres of private
land, Crown Pacific owns 22,611 acres. In August 1998, a land exchange was finalized for
34,319 acres of Crown Pacific land to be exchanged for 31,256 acres of Forest Service land.
In the Bend Watershed, 3,992 acres of Crown Pacific land were exchanged for 2,782 acres of
Forest Service land. The purpose of the exchange was to achieve mutual long-term
management of restoring and maintaining ecological function on more contiguous areas of
federal land rather than on an intermingled pattern of existing ownership which often results
in the disruption of ecological processes.

The 4 subwatersheds making up this watershed are Bull (26,219 acres), Tumalo (15,609
acres), Forks (15,609 acres), and Bridge (4,223 acres). Forks and Briuge are Tier 2 Key
Watersheds. In the Northwest Forest Plan, the Aquatic Conservation Strategy defines Tier 2
Key Watersheds as directly contributing to conservation of at-risk anadromous salmonids,
bull trout, and resident fish species. As the highest priority for watershed restoration, Tier 2
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Key Watersheds may not contain at-risk fish stocks but are important sources of high quality
water. Directly adjacent to the north on the Sisters District are Squaw and Three Creek
Subwatersheds which are also Tier 2 Key Watersheds.

More than two-thirds of the Bend Watershed is within the eastern extent of the range of the
northern spotted owl. Wilderness and Roadless Area designations are found in the Forks,
Bridge, and Bull subwatersheds. The Northwest Forest Plan allocations are Congressional
Withdrawal, Administrative Withdrawal, and Matrix. The Deschutes National Forest Plan
Management Areas are Wilderness, Dispersed Recreation, Front Country, Scenic View,
Deer Habitat, Old Growth, Special Interest Area, and Bend Municipal Watershed. The City
of Bend Municipal Watershed manages over 3,000 acres under agreement with the Forest
Service (See Exhibits 1-6).

LANDSCAPE AREAS AND FLOWS

A comprehensive picture of the interactive processes of significant elements within the
watershed was defined by the team as Landscape Flows. These elements are essentially the
migration of wildlife and the movement of human activities, water flow, and climate. Water
from glacial snowmelt and spring-fed streams flows in a southwesterly direction from the
Cascade Range to Tumalo Creek. Canals divert water to Bridge Creek and Tumalo Creek at
different locations. People move through the watershed on the west side using Road 370 to
travel to Todd Lake, the Broken Top Trailhead, and to Three Creeks Lake from Bend via the
Cascade Lakes Scenic Byway. To the east, people use Road 4601 to visit Skyliner Lodge
and the Tumalo Falls Overlook. Wildlife migrate along a west-east axis with some migratory
routes between the Sisters Late-Successional Reserve to the norti and the Cultus-Sheridan
Late-Successional Reserve to the south.

Major transportation corridors and access points for recreation activities can often become a

source of conflict with wildlife migratory movements, an increase in the risk of fire, and can
also result in the fragmentation of wildlife habitat areas. Recognition of these patterns is one
way of seeing how the ecosystem works, what potential conflicts exist, and where current or

future problem areas are located (See Exhibit 7).

The team then divided the watershed into 6 Landscape Areas based upon the following
criteria: predominant physical, biological, and social characteristics, resource conditions,
road densities, primary issues, and associated key questions. Representing an integrated view
of inherent ecological functions and capabilities of the land to support changes from historic
and current conditions, the Landscape Areas are further described by resource in Chapters I11
and IV. The 6 Landscape Areas are: Wilderness (5,032 acres), Cold Forest/Unroaded (3,632
acres), Bridge Watershed (4,223 acres), Front Country/Transition (18,279 acres), Private/Dry
Forest (23,857 acres), and Dry Forest (6,637 acres) (See Exhibit 8).

WATER RESOURCE
Although snowmelt and precipitation are the major sources of stream discharge, springs are

also a significant contributor. Tumalo Creek and its tributaries are unusual for Upper
Deschutes River Basin streams in that they respond immediately to rain on snow events with
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large increases in flow. This may be partially due to the somewhat impermeable glaciated
soils underlying a relatively thin layer of Mazama ash. Also contributing and of greater
significance are the steep slopes which exceed 60 degrees in some areas. Perennial and
ephemeral streams drain snowfall accumulations from Broken Top and Tumalo Mountain
and travel in an easterly direction, collecting into Tumalo Creek which eventually flows into
the Deschutes River approximately 8 miles north of Bend. There are several small lakes in
the watershed with the largest totalling 16 acres in size. The Bend Municipal Watershed is a
significant and primary feature occupying most of the Bridge Subwatershed. The City of
Bend diverts water from Bridge Creek fro a significant portion ot its drinking water.

Water Quantity

The drainage basin encompasses 47.3 square miles above the gaging station in Shevlin Park.
Tumalo Creek fluctuates between about 75 cubic feet per second in the winter months to a
normal run-off of 300 to 400 cfs in May and June, with an average annual mean flow of
around 100 cfs.

Water Quality

The streams are cool and generally clear, with maximum summer temperature in Tumalo
Creek in the mid-50’s (Fahrenheit). The tributary streams have similar temperatures or are
cooler. Turbidity increases during periods of snowmelt and thunderstorm events. Stream
banks and sloping hillsides along Bridge Creek and Tumalo Creek within the Bridge Creek
Fire area that are unstable contribute sediments at these times. The water quality of Bridge
Creek is among the best in the United States for a surface water system (Reference: Prowell,
Roger, City of Bend Watershed Report for 1997, Bridge Creek Watershed, p. 5). Water
extracted from Bridge Creek for municipal use is filtered only via gravitational methods and
chlorinated before delivery.

Diversions

During the past 100 years, the natural hydrology within the watershed has been greatly
altered. Water from Crater Creek, a tributary to Soda Creek which is within an adjoining
watershed, is diverted through a small canal to the Middle Fork of Tumalo Creek. Tumalo
Irrigation District owns the water rights. Flow from springs destined for the Middle Fork of
Tumalo Creek are diverted into Bridge Creek. This is the source of a large portion of the
drinking water for the City of Bend. The Columbia Southern Canal has historically
withdrawn irrigation water during the summer months from Tumalo Creek downstream of
Skyliner Bridge, often reducing instream flows to less than 5 cfs. Due to this flow
modification, the stream below the diversion is on the Oregon Department of Environmental
Quality 303(d) list for water quality impaired streams. In 1998, water was not diverted
because the Tumalo Irrigation District was able to utilize the diversion below Shevlin Park
for its water needs. This is a policy that is likely to continue, although the upper diversion
will still remain in case a future need arises.
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SOIL RESOURCE

The soil resource is dominated by ash and pumice from Mt. Mazama on the surface and
glacial till or other localized volcanics in the subsurface. Subsurtace material is generally
coarse textured and has very low cohesion properties. Subsurface materials on the eastern
edge of the watershed include basaltic lavas and glacial outwash. Greater amounts of
cinders, colluvium, and residual buried soils are present in the subsurface of the western half
of the watershed, as are lands barren of soil material. The inherent productivity of the soil
resource is primarily moderate (23,912 acres = 39 percent) and low (24,768 acres = 40
percent), with a lesser amount of high site class lands (12,980 acres = 21 percent). Lands
classified as unsuited for timber management, for both social as well as physical site
capability reasons, are located at higher elevations (generally within Wilderness) and on the
eastern fringe (Soil Resource Inventory Map Unit #36).

Soil productivity is directly influenced by annual precipitation, elevation, aspect and soil
profile depths, each of which can be limiting within the watershed. Annual precipitation
ranges from 15 to 40 or more inches on an east to west trending scale, elevations range from
approximately 3,500 to 8,000 feet, aspects are predominantly easterly in nature, and soil
profile depths to bedrock range from moderately deep (greater than 60 inches) to shallow
(less than 24 inches). Erosional processes are primarily surface in origin, although some
slopes within the watershed are steep enough to exhibit mass wasting. Summer thunderstorm
events are the most likely to influence surface erosion of the low cohesion soils present.

AQUATIC SPECIES

Rainbow trout and non-native eastern brook trout can be found in many of the streams. Bull
trout could have been present in Tumalo Creek at one time. Tumalo Lake contains eastern
brook trout and there are no fish in the other lakes. Redband trout were once native to the
watershed but may have hybridized with introduced rainbow trout. Although rainbow trout
stocking ended in the 1970’s, final analysis of genetic sampling to determine the degree of
hybridization is still pending. Eastern brook trout, native to the east coast of North America,
were introduced over 50 years ago and have established a self-sustaining population. Fish
sampling is limited within the watershed, but in Tumalo Creek within the Bridge Creek Fire
area, approximately 75 percent of the fish population are eastern brook trout. Eastern brook
trout typically outcompete rainbow trout. The flow regime appears to favor the fall spawning
eastern brooks over the spring-spawning rainbows, as high flows that can dislodge freshly
laid eggs in the gravel are more frequent in the spring during the snowmelt period. Aquatic
invertebrate communities are moderately diverse and abundant. There are no known species
on the Regional Forester’s Sensitive Species List inhabiting the Bend Watershed.

Habitat Conditions

Diversion of water for irrigation purposes and municipal use have altered flow regimes in
Bridge Creek and Tumalo Creek. The Bridge Creek Fire of 1979 burned through and caused
heavy short-term impacts to the riparian zones of Tumalo Creek (3 miles), South Fork (0.5
miles), and Bridge Creek (1 mile). Salvage operations removed wood from streams and
along stream banks. Along with recruitment of gravel to the streams, elevated quantities of
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fine sediment have been added from stream bank and adjacent hillside erosion. In contrast,
the riparian zones outside of the fire damage area remain in good condition with stands of
large spruce, fir, and mountain hemlock.

Restoration of Tumalo Creek began in the early 1990’s. Whole trees were placed and
anchored into the channels within the Bridge Creek Fire area. Willow, cottonwood, and
Engelmann spruce were planted along the banks. The wood structures shifted during high
flows in 1995 and 1996 from rain on snow events. This caused stream bank erosion and
created a few very large log jams. Loss of canopy along the stream after the fire has resulted
in slightly increased although still relatively cool water temperatures. The stream has likely
become more biologically productive due to additional exposure to sunlight with the loss of
the streamside canopy. Eventually, as the canopy becomes re-established, biological
productivity will return to pre-fire levels.

The streams are bountiful in gravels, cobbles, and boulders for spawning, rearing, and
aquatic macroinvertebrate habitat. Cool water temperatures and shade have limited the food
supply and fish growth. Habitat below the Columbia Southern Canal diversion is under-
utilized when water is being withdrawn. Historically, the strecms were heavily shaded, cool
and clear with good gravels and abundant large wood. Habitat above the falls was not
utilized by fish.

Fish Composition and Distribution

Fish introductions by man have allowed distribution of rainbow and broc !: trout to occur
above Tumalo Falls which would have ordinarily acted as a natural fish barrier. Rainbow
trout have also been documented in Tumalo Creek, near the headwaters of Bridge Creek, and
in the South Fork of Tumalo Creek. Brook trout have been documented in Tumalo Creek,
the Middle Fork past the confluence with Bridge Creek Canal, the North Fork up to Happy
Valley, Tumalo Lake and the creek that drains it, the South Fork up to the junction of the 2
channels, and in Bridge Creek up to the diversion dam. They are also found in many of the
small springs and beaver ponds in the flood plain. Fish are unable to migrate futher upstream
on Bridge Creek because of the dam.

In recent surveys conducted within the Bridge Creck Fire area of Tumalo Creek in August
1998, bull trout were not observed. Historically, redband trout and possibly sculpin and bull
trout were distributed up to migrational barriers or large gradient increases. The majority of
occupied habitat was Tumalo Creek up to Tumalo Falls, Bridge Creek up to the first falls,
and the South Fork of Tumalo Creek. Redband trout are currently on the Regional Forester’s
Sensitive Species List. As of June 13, 1998, bull trout of the Columbia Basin were listed as
threatened by the U.S. Fish and Wildlife Service.
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VEGETATION
Upland Forest Vegetation

In the Bend Watershed, there exists a great variety in forest types. Variations in climate,
soils, elevation and topography have combined to provide diverse forest assemblages that
differ in species composition, structure and density.

Existing vegetation within the watershed follows an elevational and associated moisture
gradient that ranges from high elevation, sparsely vegetated, "krummbholz" forest types on
rocky zones, down through moist forests composed of dense mountain hemlock stands, into
mid-elevational zones of mesic lodgepole pine and mixed conifer landscapes, and finally to
xeric forested stands of ponderosa pine. Disturbance processes also follow this elevational
transect with the greatest change from the native ecological regimes increasing in the descent
through the elevational zones. Riparian communities pass through the elevation gradient and
provide connection to these different landscape features.

Additionz.ly, the degree of change from the native or natural forest setting generally follows
this elevational gradient with the most pristine composition high in the watershed, and the
highest degree of departure from the pristine, becoming apparent in the approach to high-
density population centers such as the nearby city of Bend. Alterations in the native forest,
both in terms of the the forest architecture and ecological function, are the result of human
intervention within the past century, mostly fire suppression, timber harvest, road building,
and general human access. Fire suppression has creaaated more potentia: ror larger and more
intense tires.

Plant Association Group (PAG)

The major forest communities and the typical species found within them are listed from dry
to moist to cold environments. Note that 95 percent of the total watershed acreage can be
grouped into 5 major forest vegetation types (Source: Forest-wide PAG layer).

_Forest Vegetation Structure

At a very general description, forest structure at the landscape level is dominated by the
following: early conditions within the Bridge Creek Fire area on approximate'y 3,400 acres,
mid-structure stands within the previously manipulated ponderosa pine and mixed conifer
zones outside the Bridge Creek Fire area, and late structure in the passively managed
lodgepole pine and mountain hemlock zones (Source: Photo Interpretation/Most Similar
Neighbor (MSN) Database Analysis, 1998).

Forest Vegetation Density
The existing stand densities that occur across the entire watershed ranges from low to high
density with each of the 3 density classes nearly evenly split. However, densities tend to be

less variable and tied to Landscape Zones found in the watershed (See Chapters I1I and IV
for more information).
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Insects and Pathogens

Insect activities have been recorded from aerial reconnaissance annually for the past 2
decades. Maps of current insect agents at work within the watershed indicate the most
apparent insect agents are bark beetles and defoliators (Source: 1997 Aerial Survey). Forest
pathogens are well represented throughout the watershed also and include but are not limited
to root rot, stem decay, and dwarf mistletoe. '

TERRESTRIAL WILDLIFE SPECIES
Habitat

Types of wildlife species present in any given area are determined by characteristics of the
environment. For example, variations in elevation, topography, vegetation structure and
type, latitude, climate, and precipitation are all factors which, in combination with countless
other variables, form the assemblage known as habitat. In addition to the physical
environment, nearly all species on the planet are subject to some level, whether direct or
indirect, of human interaction. The intensity and type of human interaction and/or habitat
alteration will largely determine the ability of a species to persist even in a structural
environment for which it is most aptly suited.

Habitats and human interactions within the Bend Watershed vary widely. Portions of the
watershed have changed only slightly in comparison to historic conditions. These areas
continue to support wildlife requiring even the most pristine of habitats. Other areas within
the watershed have been altered dramatically by fire suppression, timber harvest, road
construction, and general human access. The scope of changes in habitat structure has been

significant enough to create unsuitable conditions for species historically found in the same
area.

Both scope and intensity of altered environmental conditions as well as basic habitat types
within the watershed generally follow the elevation gradient. At lower elevations, areas once
dominated by large stands of mature ponderosa pine now consist primarily of small and
medium diameter cultivated stands of the same species.

Mixed conifer and lodgepole pine stands in the middle elevations of the watershed area have
experienced varying levels of insect outbreak, timber harvest, and stand replacement fire that
reduced late and old structure. However, stands are largely intact and fragmentation is low to
moderate. Fire suppression has led to unnaturally dense stands subject to a higher level of
instability. Road densities range from light to heavy and recreation activity is significant in
some areas.

The upper elevations have undergone relatively little change in comparison to historical
conditions. These acres are dominated by late structure mountain hemlock forests as well as
alpine meadow and rock. Roading is minimal or nonexistent and recreation access and
activity is considered light. A lack of timber harvest, and significant natural stand altering
events has minimized the effects of fragmentation.
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Species Diversity

Wildlife species composition varies widely throughout the watershed both seasonally and
spacially. Significant changes in elevation allow a wide representation of habitat types
including high desert shrub, upland wet and dry forest, riparian, and alpine communities. In
excess of 200 wildlife species are estimated to inhabit the watershed. Since fragmentation
and disturbance are minor at the middle and upper elevations, immigration, emigration, and
exchange of genetic information are relatively unobstructed. High road densities and
intensive timber harvest in the lower elevations of the watershed have created movement
barriers for many species.

The following threatened, endangered species (TES) and selected wildlife species have
suitable or potentially suitable habitat within the watershed: peregrine falcon, bald eagle,
northern spotted owl, wolverine, Townsend’s big-eared bat, Preble’s shrew, black-backed
woodpecker, northern goshawk, great gray owl, pileated woodpecker, flammulated owl,
marten, fisher, lynx, spotted frog, and Cascades frog.

No portion of the watershed has been surveyed for TES wildlife species. Among TES
species, bald eagle and peregrine falcon are the least likely to occupy the watershed due to a
lack of suitable foraging habitat. Wolverine and Townsend’s big-eared bat are probable
occupants, while the lynx is a possible occupant, but the probability is low.

There are an estimated 1,126 acres of suitable nesting, roosting, and foraging (NRF) habitat
for the northern spotted owl (a likely occupant), and an estimated 9,300 acres of dispersal
habitat within the watershed. Remaining acres are classified as unsuitable for this species.

The watershed functions as summer, transition, and winter range for both deer and elk.
Areas near water also serve as suitable fawning and calving habitat. Both deer and elk
migrate between summer and winter ranges in a west-east direction.

FIRE/FUELS

There are currently a variety of vegetation types and fire regimes within the Bend Watershed
that represent the effects of historically repetitious fire with variable spread rates and
intensities. A modern day sampling of fire occurrence data from 1970 to 1997 reveais 142
detectable ignitions which is roughly equivalent to 5 fire starts annually. Most of these fires
were ignited by natural causes (104 fires or 73 percent). The area could stiii be accurately
described as a "fire environment" with a human component that is increasing the likelihood
of fire starts in the area.

The 1979 Bridge Creek Fire was a human caused event which burned most of the vegetation
within its boundaries over a total of 3,400 acres. This fire has minimal mosaic patches which
are scattered only along a small portion of the fire boundaries. The intensity of the fire may
have contributed to the short-term hydrophobic character of the pumice soil in some areas.
Structures were placed on slopes following the fire to reduce downhill flow velocities and
sedimentation rates into Tumalo and Bridge Creeks. Although some south aspect slopes
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adjacent to the creeks remain partially bare of vegetation, the majority of the slopes have
revegetated enough to make them relatively stable.

In recent history, this is the only large scale fire event ever to occur within the Bend
Watershed. A potential risk exists for a similar event given the right combination of weather
patterns and fuel conditions. Although the probability is low due to the right conditions
occurring only on about 6 days throughout the entire year, these identified conditions would
still require monitoring during the summer months.

RECREATION

Primary access routes are Road 370 to Todd Lake and to the Broken TopTrailhead from the
Cascade Lakes Scenic Byway, Road 4601 to Skyliner Lodge and Tumalo Falls Overlook, and
the northern portion of Road 370 which joins the Three Creeks Road from Sisters. The
Skyliner recreation area is only 10 miles from Bend and apart from paved roads, routes
accessing recreation facilities varying in standards and maintenance levels with some roads
minimally maintained for high clearance vehicles at moderate to low levels. Other access
routes along the Cascade Lakes Scenic Byway are Road 4615. Road 4612, and several other
minor roads which includes access from private lands.

The developed recreation facilities providing access to the watershed are trailheads, snoparks,
and Skyliner Lodge which operates through a special use permit to the Oregon Museum and
Science Industry for environmental education. Primary trailheads that access the area are
Tumalo Falls, Skyliner Lodge, Shevlin Park (Bend Metro Parks and Recreation), Todd Horse
Camp, Broken Top Trailhead, and Phil’s Trail, a popular mountain biking trail. Primary
snoparks are Meissner, Wanoga, Swampy, and Dutchman. The Recreation Opportunity
Spectrum classifies the watershed as mostly Semi-Primitive (non-motorized in the summer
and motorized in the winter) and Roaded Natural.

An extensive network of summer and winter trails provide opportunities for hiking, mountain
biking, equestrian riding, nordic skiing, snowshoeing, dog sledding, and snowmobiling.
Areas closed to motorized use in the winter are the Three Sisters Wilderness, Tumalo Winter
Closure, Swampy/Meissner Closure, and the Bend Municipal Watershed. The unroaded
areas are closed to motorized use in the summer. Dispersed camping is mostly hunting
related and is popular along Road 370 and Road 4601. Big game hunting season begins with
archery season in August and goes through November when snowfall usually becomes
substantial.
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Chapter 11
Issues and Key Questions

[ssues were identified by the team as a way to focus on the primary elements of the
ecosystem that are most relevant to the watershed in terms of management objectives, human
values, and resource conditions. Also formulated were key questions from indicators
commonly used to measure or interpret critical ecosystem elements. The issues and key
questions were then used by the team to identify resource management concerns and trends
as a way to provide a basis for the management recommendations in Chapter VI.

ISSUE 1. SUSTAINING WATER QUALITY AND RIPARIAN HEALTH

Background:

The water quality of the Bend Municipal Watershed is among the best in the United States
for a surface water system that is generated primarily by a constant flow of cool, clear spring
water. Increased recreational use and the greater risk of fire potential as fuels accumulate
may affect the future ability of the Bend Municipal Watershed to provide water quality that
complies with the standards of the Safe Drinking Water Act of 1986. The desired condition
for water quality, riparian health, fish habitat, and stream function in Tumalo Creek is not
currently being met within the Bridge Creek Fire area. Even after 20 years following the fire
event, recovery is still slow and occurring at a rate that may be improved through selective
restoration activities.

Fish habitat and stream function have also been compromised in the lower sections of
Tumalo Creek due to flow modifications below the Columbia Southern Canal diversion.

This section of the stream is currently on the DEQ 303(d) list for impaired streams as a result
of flow modification that has often been less than 5 cfs during the summer months. These
conditions improved in 1998 due to the Tumalo Irrigation District’s decision to divert all of
its water at its diversion below Shevlin Park, leaving an estimated 40 to 50 cfs in the channel
throughout the summer months. This policy is expected to continue in future years and could
possibly alleviate the conditions that may have allowed elevated temperatures to occur during
the summer months.

Key Questions:

1. What is the status of water quality within the Bend Municipal Watershed and what

level of use in current activities is appropriate in order to maintain high water quality
in the long-term?

The status of water quality is excellent, although the turbidity limits imposed by the City of
Bend are exceeded on approximately 20 days annually, primarily during snowmelt season,
thunderstorms, or rain on snow events. Restricting recreational activities within the
watershed since 1991 has been an effective means of maintaining water quality, although no
significant improvement is shown in the turbidity data. The majority of trail areas do not
contribute sediment directly to perennial streams, although there are a number of stream

Chapter I1 - 1



crossings that do not have boardwalks or bridge crossings. Very little water bar installation
or maintenance has occurred on the Bridge Creek Trail since mountain bike use was
eliminated, creating areas that are still moving sediment downslope and into the stream in
some cases. If future monitoring shows degradation of water quality, limits would need to be
imposed upon the numbers of users and types of activities.

2. What is the status of water quality, fish habitat, and hydrologic characteristics of
Tumalo Creek within the Bridge Creek Fire area and does the stream meet Proper
Functioning Condition (PFC)? '

Several studies and surveys are scheduled to provide information for evaluating current
ecological conditions. The Bridge Creek Fire and subsequent salvage of large wood have
created relatively unstable, transitional stream conditions typical of disturbed systems of this
type. Even though water temperatures are cool and water quality is within acceptable limits,
the stream channel has problems with the volume of sediments in spawning gravels, bank
erosion and a slightly depressed diversity in macroinvertebrates. The stream is also
somewhat out of balance in terms of riftles, pools, and natural width to depth ratios due to the
limited amount of root wads and trees in some reaches of the stream channel. Despite a
significant amount of coarse woody debris added in 1990 and 1992, the high flows of 1995
and 1996 created a few large log jams and limited numbers of isolated structures within the
Bridge Creek Fire area. A PFC survey will be done in the near future. Additional surveys
for measuring the hydrologic integrity of Tumalo Creek are planned for 1998 and 1999.

3. What are the flows, fish habitat and hydrologic conditions in Tumalo Creek below
the diversion and what flow would be needed to remove Tumalo Creek from the 303(d)
listing?

Annual flows within this section of Tumalo Creek have generally been approximately 50 cfs
during the winter months, 300 to 400 cfs during spring run-off, and less than 5 cfs during
summer irrigation months. Low summer flows have resulted in a reduction of fish habitat
and modified hydrological conditions. The 1998 flow during the summer irrigation season
was approximately 40 cfs due to a change in policy by the Tumalo Irrigation District to divert
its water below Shevlin Park, a policy which is expected to continue into the future.

Fish habitat is variable within this section but generally improves with higher flows.
Hydrologic conditions include riffles, cascading habitat, Rosgen B-type channel with low
frequency of pools, and a lack of complexity following the removal of stream "debris" by
irrigation users. There has been more interest recently from private landowners to improve
fish habitat and prevent further stream degradation. It is not known at this time whether the
additional 40 cfs remaining in the stream would be adequate enough to remove the stream
from the 303(d) listing. Thermograph installation is planned for 1999 to measure water
temperatures during the summer months. This stream section has been identified as an area
for future work between the State Department of Environmental Quality and irrigation users
to improve fish habitat and reduce summer water temperatures.
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4. What fire risks exist due to present fuel loadings?

Fire risk 1s moderate to high for this area although the potential for large fires is mitigated to
some degree by the close proximity of the Bend Watershed to the Redmond Air Center. The
risk of fire continues to increase over time as the upper extent of natural fire return intervals
in these forest types are approached or exceeded and fuels continue to build. Fires that do
occur are likely to be stand replacement events capable of exposing extensive areas of bare
mineral soil susceptible to erosion from rainfall and snowmelt accumulations.

ISSUE 2. PROTECTING RESOURCE VALUES WHILE MAINTAINING A
QUALITY RECREATION EXPERIENCE WITH APPROPRIATE USE LEVELS
AND ACCESS.

Background:

Soil quality within the watershed has been affected in some areas by accelerated erosion from
recreational uses, primarily foot traffic off of designated trail routes to overlooks or down to
the stream course. A few trail locations are susceptible to cont-ibuting sediment into stream
habitats, including sections of the South Fork and North Fork Trails where such steep grades
were not originally designed for mountain bike use or were poorly located. Sections of Road
370 and Road 4601 have soil erosion problems at stream crossings or on steep grades that
need to be stabilized or restored. Wildlife populations and habitat may also be adversely
impacted from increased recreation use and development within the watershed.

Key Questions:

1. How do we maintain water quality as upland recreation activities increase the
chance of water quality degradation via sedimentation?

Water quality can be maintained through seasonal closures to motorized use, restricted access
to detrimental uses, development and implementation of an educational program through the
City of Bend, State DEQ, Oregon Health Division, and the Forest Service, relocation or
rehabilitation of problem trail and road sections, and maintenance of roads and trails at the
prescribed minimum level.

2. What management actions are necessary to minimize the risk for detrimental

impacts from Road 370, Road 4601, and continued recreation use and development of
trail systems?

Risks for detrimental road-related impacts can be minimized through surface treatment and
spot hardening, enforced road closures with seasonal closures to allow dry season use only,
selective water bar locations, and relocation or rehabilitation of problem grades. Future
development of trails needs to involve resource specialists in the site analysis and design
phases of the planning process in order to be more effective in recommending ways to
protect the site from detrimental impacts. The continued monitoring of recreation uses and

associated impact levels are critical and necessary in order to repair and restore damaged
areas quickly.
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3. What kinds of recreation use conflicts between users or with resources need to be
prevented or resolved?

Current recreation users are primarily mountain bikers, hikers, and horseback riders.
Recreation experiences can be improved and conflicts prevented between mountain bikers
and horseback riders by providing separate user trails. Providing access to information
would increase user awareness and promote trail etiquette. Contlicts between mountain
bikers and hikers usually occur in downhill and straightaway situations. Designing trails with
lower grades, multiple curves, or trail turnouts can be used to control the high speeds of
mountain bikers. Downhill traffic can also be restricted in certain cases. Resource impacts
from recreation use are primarily associated with soil erosion and increase of fine sediment in
streams resulting from the loss of vegetation.

4. What limits to recreation use would protect wildlife habitat?

Wildlife habitat protection would occur by limiting motorized use through seasonal closures.
Restricting inappropriate uses from certain areas needs to be enforced by trail signing and
rerouting.

ISSUE 3. SUSTAINABILITY OF FOREST CONDITIONS WHERE RESILIENCY IS
BEING LOST.

Background:

Forest resilience to insects and disease agents has diminished outside the Bridge Creek Fire
area as stand densities have increased and shade tolerant species populate warmer and drier
sites, a result of practices such as fire exclusion and selective harvesting. Vegetative
conditions include an extensive area of unfragmented forest at mid and upper elevations, a
loss of large tree structure at lower elevations, and forest encroachment in meadow areas.
Mid-elevational, dry mixed conifer stands are the most significantly affected by an increase
in density, including a potential loss of large trees from increased competition, and a greater
risk of stand replacement fire. The Bridge Creek Fire of 1979 has created the only
significant break in connectivity within these mid-elevational stands.

Outside of firewood harvests, past management activities within the mid-elevational,
lodgepole pine stands have been relatively minimal and with a skeleton road access system
in place, few stand management treatments have been implemented in the past 20 years.
Lower elevational ponderosa pine stands (mostly on private lands) have been heavily
harvested in the past, with railroad era clearcuts creating large blocks of middle-aged forests
that are found today. Most treatments have occurred within the stands located on lands
owned and managed currently by Crown Pacific. Currently, most of these stands are more
resilient to insect agents where densities have been reduced although they are still somewhat
at risk to fire disturbance due to their uniform crown cover and shrub component. Increased
access provided by a much greater road network on private lands can lead to faster fire
suppression response times on the ground.
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Key Questions:

1. How do we maintain an existing unfragmented landscape in the mid-elevational
stands while reducing the risk of insect epidemics and stand replacement fire events
such as the Bridge Creek Fire of 1979?

Difficulties exist in maintaining an unfragmented landscape that was naturally disturbed
through fire cycles and insect and disease agents. Realistically, most proposed situations
would actually end up trading one kind of fragmentation for another. Active management
would create smaller, patch size openings and passive management would result in larger
areas of disturbance from insects and disease or from stand replacement fires such as the
Bridge Creek Fire. The fragmentation caused by a fire at that scale and level of disturbance
opens up the potential for another fire to occur there in the future.

In some cases, the desire for passive management of these stands to maintain important
values such as wildlife habitat and positive recreation experiences. Currently, the stands are
relatively healthy although the risk of loss due to stand replacement fire events would
continue to increase over time.

2. Where can conifer encroachment in wetlands be reduced while still maintaining
healthy watershed function?

Reduction can occur in aspen pocket areas and isolated wet meadows in upland areas.

3. What stands would benefit from stocking level (density) reduction to promote stand
resilience?

Drier forest types, such as dry mixed conifer and ponderosa pine stands would reap the
greatest benefits from stocking level reduction, expressed primarily in activated vigor of
residual trees. Moist or upper elevational cold forest types would receive the least benefits.
Lodgepole pine may actually benefit from increased density, especially in more mesic zones
although these types are considered to have fewer economical benefits. Stands within the
mid-elevational zone appear to have the least amount of changes from natural disturbance
regimes although the risk of larger scale fire disturbances is increasing. Current trends in
land management with continued fire suppression would create a greater number of older
forests with fewer openings than may have existed historically.

Unanswered Questions for Issue #3:

1. How far are we from historic regimes for meadow succession?

2. To what degree are we outside of normal conditions?

3. What kinds of effects on wildlife habitat have been caused by forest encroachment?

4. What is the probable future of this landscape in 10, 50, 100 years?
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Chapters III and IV
Historic and Current Conditions

HYDROLOGY

The Forks and Bridge subwatersheds within the Bend Watershed are sources of high quality
water, providing municipal drinking water and irrigation water. Recognized as Tier 2 Key
Watersheds in the Northwest Forest Plan, they have the highest priority for restoration
activities and require watershed analysis to be completed prior to long-term management
activities occurring. Special standards and guidelines which apply are found on page C-7 of
the Record of Decision for the Northwest Forest Plan.

Annual precipitation ranges from approximately 40 inches in the western portion of the
watershed to 15 inches at the eastern edge. Perennial streams are Bridge Creek, Spring
Creek, Tumalo Creek, South Fork, Middle Fork, and North Fork of Tumalo Creek, an
unnamed stream which drains Tumalo Lake, Bull Springs, and several other unnamed
springs. Intermittent streams include Bottle Creek and Rock Creek. Streams drain the higher
elevations of Broken Top and Tumalo Mountain to the west where the heavy snowpack melts
and generally flows in an easterly direction through glaciated valleys. The water collects in
Tumalo Creek and eventually enters the Deschutes River approximately 8 miles north of
Bend. ‘Very little surface water exists in the eastern portion of the watershed.

Although perennial streams are more numerous in the western portion of the watershed than
in other areas on the Bend/Ft. Rock Ranger District, most of the area is still considered to bz
a groundwater recharge area. Numerous springs provide cool, clear water. Snowmelt and
precipitation are major contributors to surface water discharges. Tumalo Creek and its
tributaries are unusual for Upper Deschutes River Basin streams in that they respond
immediately to rain on snow events with large increases in flow. This may be partially due
to the somewhat impermeable glaciated soils underlying a relatively thin layer of Mazama
ash. Also contributing and of greater significance are the steep sloy. >s which exceed 60
degrees in some places. The few lakes within the watershed are small and shallow.

The potential for mass wasting is low because of the absence of indicators of past or recent
landslides. Erosional processes are generally from lateral scour of streambanks and sideslope
rill, especially during thunderstorms and snowmelt. There is some channeling of water on
Road 370 and on trails during storm events and snowmelt resulting in overland flow of
sediments. The diversions of water for the municipal water supply and irrigation and the
Bridge Creek Fire are the most significant factors that have changed current hydrologic
conditions from historic conditions.

HISTORIC CONDITIONS

Water quality in the streams has historically been excellent with cool temperatures moderated
by flow from springs. Summer temperatures ranged from the low 40’s to the mid-50’s
Fahrenheit. Erosional processes were limited primarily to lateral migration of channels,
adjustments of channels to log jams, and rill from hillslopes during thunderstorms and
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snowmelt periods. Stream banks were well vegetated and stable. Stream types were
primarily Rosgen B types, high in gradient and dominated by riffle habitat. There were some
reaches of C type where gradients were lower and pools were abundant. Instream large wood
was abundant in the lower gradient reaches but less in the high gradient reaches where it was
moved out at high flows. Vegetation ranged from mixed conifer in the higher elevations to
primarily ponderosa pine in the lower elevations. Seral stages were mid to late adjacent to
streams. There was a componert of deciduous species such as mountain alder, willow,
cottonwood, and aspen.

Prior to the diversions, Tumalo Creek would have had more instream flow for much of the
year. The withdrawal for the City of Bend Municipal water supply is offset by the input from
the Crater Creek Canal for only about 3 months out of the year. Tumalo Creek below the
present Columbia Southern Canal diversion had higher summer flows and provided better
fish habitat. More volume would have been provided to Sparks Lake due to increased
summer flows from Crater Creek and Soda Creek, which is in an adjacent watershed, prior to
the Crater Creek diversion.

CURRENT CONDITIONS

Wilderness Landscape Area

Surface water resources within the Wilderness Landscape Area are limited to an unnamed
small perennial stream, the upper portion of the North Fork of Tumalo Creek, and the upper
reaches of the intermittent Bottle Creek and Rock Creek. The channels are generally high
gradient from 5 to 30 percent dcminated by riffles, habitats, and are Rosgen A and B types.
In July 1996, streamflow was measured at 3.7 cfs on the unnamed perennial stream. Water
temperatures are cool, generally less than 57 degrees Fahrenheit. Headwaters originate in
alpine fir or subalpine fir surroundings and then descend through forests of mountain
hemlock, subalpine fir, and lodgepole pine.

Cold Forest/Unroaded Landscape Area

Surface water resources include the North Fork and Middle Fork of Tumalo Creek, a small
reach of Tumalo Creek, and an unamed spring-fed tributary of the North Fork. The channels
are generally entrenched and of moderate gradient from 3 to 5 percent with some reaches
over 10 percent. Waterfalls are numerous, sinuosity is low and the Rosgen Stream type is
predominately B with some reaches of A and C. Sideslopes are moderate to steep with box
canyons. Instream wood is abundant in the lower gradient reaches. Habitat types are
dominated by riffles and bedrock is common in the substrate. Streamside vegetation includes
old growth mountain hemlock, lodgepole pine, whitebark pine, Engelmann spruce, and
subalpine fir. Streamflow data is limited although instantaneous readings measured 91 cfs in
Tumalo Creek on July 1993, and 9.4 cfs in the North Fork on September 1996. Summer
water temperatures range from the mid-40’s to the low 50°s Fahrenheit.

The Middle Fork receives additional flow from the Crater Creek Canal but loses flow by the
diversion of spring water into the Bridge Creek Canal. The water rights in the Crater Creek
Canal, in operation since 1914, are owned by the Tumalo Irrigation District. The maximum
flow in the canal is 20 cfs which generally runs from July to October and provides 3,000 to
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4,000 acre-feet of water annually. The volume of water diverted to the Bridge Creek Canal
generally runs 15 to 17 cfs throughout the year.

The flow diversions and Road 4601-370, which cross all the aforementioned channels, are
the most significant human caused effects to the water resources within the Cold
Forest/Unroaded Landscape Area. The crossings at the North Fork and the unnamed stream
are fords where there is limited introduction of sediments into the streams. There are no
current grazing allotments nor history of logging.

Bridge Watershed Landscape Area

The Bridge Watershed Landscape Area essentially mimics the Bend Municipal Watershed.
Surface water resources include Bridge Creek, Spring Creek, and the Bridge Creek Canal.
The summer natural flow of Bridge Creek is normally 5 to 10 cfs but is augmented with the
diversion from the springs via the Bridge Creek Canal near the headwaters. The discharge
from the springs is normally 17 to 20 cfs, most of which ends up in the canal. The earthen
canal, completed in 1955, is approximately 0.5 mile long and for the most part occupies a
natural draw. The canal is headcutting near its origin, adding sediments to the stream.

The City of Bend withdraws up to 11.4 million gallons daily (17.5 cfs) from Bridge Creek for
drinking water production, totalling 1.6 to 1.7 billion gallons annually. This amounts to 50 to
60 percent of the city’s total drinking water production. The water is withdrawn from Bridge
Creek approximately 0.1 mile upstream of the confluence with Tumalo Creek, and is piped
several miles to storage tanks where it is chlorinated before distribution to the city. There is
no filtration system. Surplus water is released prior to chlorination back into Tumalo Creek
on the western edge of Shevlin Park.

The water quality of Bridge Creek is among the best in the United States for a surface water
system (Prowell, 1998, personal communication). Water filtration is not required if there is
compliance with water quality standards of the Safe Drinking Water Act of 1986, established
by the Environmental Protection Agency. The fecal voliform test has been met or exceeded
in over 98 percent of the samples since testing began in 1988, exceeding the minimum
requirement of 90 percent. Turbidity is monitored continually, and is normally only 0.2 to
0.3 Nephelometric Turbidity Units (NTU). The City does take water over 1 NTU from time
to time, especially when demands are high in early to mid-spring, but they usually try not to
exceed 2.5 NTU as a matter of policy. There are several factors that decide when to preclude
surface water use, such as user demand, chlorine demand, chlorine residual in the system,
and an estimate of how long the turbidity event will last. There are approximately 20 days
annually when the turbidity is elevated above 1.0 due to snowmelt, thunderstorms, or
temporary bank erosion from the channel adjusting to a newly fallen tree. Water
temperatures range from 34 to 50 degrees Fahrenheit.

Bridge Creek has numerous falls and generally has a gradient of 7 to 8 percent, and
predominantly riffles. There is one 1.2 mile reach that is lower in gradient (2 percent) where
pools are more numerous. The sideslopes are generally moderate but steeper near the mouth
where the Bridge Creek Fire consumed the streamside and upslope vegetation. Within the
Bridge Creek Fire area, which includes the first mile of Bridge Creek, overland flow of
sediments into the stream during storm events is still a concern. The unburned reaches of the
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stream descends through an undisturbed forest of medium to late seral stage mountain
hemlock, sub-alpine fire, whitebark pine, Douglas fir, and lodgepole pine. The Rosgen
stream type is B.

Spring Creek, a small tributary to Bridge Creek, had a discharge measured at 0.62 cfs in
August 1995. The overall gradient is 8 percent and the habitat types are dominated by riffles.
The sileslopes are moderately steep, and are vegetated with medium to late seral stage
Douglas fir and mountain hemlock. The lower 0.2 mile was impacted by the Bridge Creek
Fire of 1979. The falls at the mouth of the creek presents a migrational barrier to fish. Water
temperatures range from the mid-40’s to the mid-50’s during the summer.

Tum Lake is a small 2-acre lake that is shallow and has no fish. Water quality data is not
available at this time.

Front Country/Transition Landscape Area

Surface water resources include Tumalo Creek, South Fork of Tumalo Creek, the first 0.1
mile of Bridge Creek, the lower reaches of Bottle and Rock creeks, Tumalo Lake and an
unnamed creek that drains it, the upper reach of Bull Springs, and several small springs that
are tributaries to Tumalo Creek.

Tumalo Creek is the major water resource within the Front Country/Transition Landscape
Area. The stream flows through an entrenched channel with numerous scenic waterfalls until
descending into a wide, glaciated valley composed of underlying glacial tills. The
dominating feature within this area is the Bridge Creek Fire area. The fire burned 3.0 miles
of floodplain vegetation along Tumalo Creek within the glaciated valley, destroying the root
masses that provided stream bank stability. Before the fire, stands of large Engelmann
spruce, subalpine fir, and ponderosa pine lined the stream. The loss of vegetation from the
fire also decreased evapo-transpiration rates and increased snow accumulations, providing
more runoff into the stream. The trend is for increased evapotranspiration as the vegetation
becomes reestablished. Currently, the landscape within the burn is dominated by early seral
stage pine trees and brush species. The combination of the loss of streambank stability and
increased runoff (peak flows and total water yield) has resulted in stream bank erosion and
lateral migration of the channel in some locations. There are accelerated bar formations and
braiding of the channel.

Tumalo Creek is a Rosgen stream type B above the confluence with Bridge Creek, but below
the confluence, the stream fluctuates between types B and C. The channel is becoming
braided in some areas, and the width/depth ratio is increasing. Fish habitat has been
decreased and fine sediment input has increased. Pool habitat comprises about 7 percent of
the habitat types within the burned area, while riffle habitat makes up 86 percent (1996
Stream Survey, Deschutes National Forest).

Discharge in Tumalo Creek fluctuates from about 50 cfs during late summer to about 300 to
400 cfs during the spring snowmelt period or rain on snow events. The average flow
between 1936 to 1986 was 102 cfs with a maximum off 1140 cfs and a minimum of 25 cfs.
The gaging station near Skyliner Bridge has been discontinued since 1987.
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Water temperatures within Tumalo Creek range from the mid-40’s to the upper 50’s during
the summer months. Turbidity increases during thunderstorms and snowmelt periods.
Macroinvertebrates monitoring has indicated that diversity and abundance of populations is
slightly impaired, likely due to the presence of fine sediments. Several private residences are
located adjacent to Tumalo Creek on the eastern edge of the Front Country/Transition
Landscape Area, some of which withdraw water for domestic use.

The South Fork of Tumalo Creek experienced riparian damage from the fire in the lower 0.5
mile but has recovered well and is not experiencing lateral migration or braiding. The lower
reach which is within the Bridge Creek Fire has a gradient of 1 percent and is a Rosgen
stream type C with habitat types dominated by pools (59 percent). The upper reach has a
gradient of 5 percent and is a Rosgen stream type B with habitat types dominated by pools
(65 percent). Large wood is abundant throughout the stream. Within the Bridge Creek Fire
area, the vegetation is of early seral stage pines and mountain alder. Further upstream, the
seral stages are medium to late stands of subalpine fir and Engelmann spruce. August water

temperatures range from the low to upper 40’s. Flow was recorded at 6.4 cfs on September
30, 1992,

Tumalo Lake is a shallow 16-acre lake located on both private and Forest Service lands. The
Swampy Lakes are several small and shallow ponds that have no fish. Water quality is
unavailable for these lakes.

Dry Forest Landscape Area

Tumalo Creek and a few intermittent channels are the surface water resources within the Dry
Forest Landscape Area. The Columbia Southern Canal operated by the Tumalo Irrigation
District withdraws water from Tumalo Creek near the western fringe of this landscape area.
The canal is normally in operation from mid-April to mid-October and averages about 40 cfs
withdrawal, although flows in the canal have been as high as 190 cfs. There is considerable
water loss in the canal from percolation (approximately 20 cfs). Tumalo Creek below the
diversion is on the Oregon S 1te Department of Environmental Quality 303(d) list for water
quality impaired streams due to flow modification.

The stream channel is a Rosgen type B with gradients 2 to 3 percent and habitat type
dominated by riffles. The valley is narrow and sideslopes are steep with streamside
vegetation dominated by Engelmann spruce, Douglas fir, and ponderosa pine in the mid to
late seral stages. Mountain alder is also prevalent. Within the eastern portion of this
landscape area, the dominant vegetation becomes mid-seral stage ponderosa pine with some
white fir, lodgepole pine, and juniper. The stream banks are relatively vegetated and stable.

This landscape area has been modified by timber harvest activities. Some riparian harvest of
timber has occurred in the past.

Private/Dry Forest Landscape Area

Stream characteristics, stream bank stability, water quality, and water quantity for Tumalo
Creek are similar to those within the Dry Forest Landscape Area. Landscape modification
from timber harvest activities is evident. All of the Bull Springs channel is found on private
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land. No stream surveys have been conducted on this small spring. The flow eventually
goes subterranean at the eastern edge of this landscape area.

SOIL RESOURCE AND EROSIONAL PROCESSES

The soil resource within the Bend Watershed is dominated by ash and pumice from Mt.
Mazama, glacial till, and other reworked volcanics. The eastern edge of the watershed also
includes glacial outwash in the subsurface profiles. Lesser amounts of cinders, colluvium,
and residual buried soils (paleosols) weathered from basaltic lavas or from ash tephras older
than Mazama are present as subsurface components throughout portions of the watershed.
Alpine lands barren of fine soil are located at the highest elevations of the Forks and Bridge
subwatersheds. Glacial activity occurred in the upper elevation portions of the watershed,
including the Tumalo Creek Canyon and the Tumalo Highland Plateau. The scarp on which
Triangle Hill and Bearwallow Butte are located appears to be associated with a large volcanic
caldera that now comprises the Tumalo Highland Plateau. Volcanic activity associated with
this caldera and glaciation are two of the primary influences on landform formation and
duration within the watershed.

The following table summarizes the soil stratum profiles within the Bend Watershed:

Table 1. Soil Stratum/Landtypes of the Bend Watershed

R , > Acres
alpine meadows 2,990
juniper scab flats 167
lodgepole frost pockets 206
ash/paleosol/cinders 2,679
ash/paleosol/lavas 5,926
riparian or ephemeral drainages 3,190
barren lands 2,892
ash/till 33,736
ash/outwash 8,744
ash/residuum or colluvium 1,046

Physiographic and Climatic Factors Influencing Inherent Soil Productivity

Annual precipitation, elevation, aspect, and soil profile depths all directly influence the
productivity of the soil resource and combine to provide a variety of vegetative plant
associations within the watershed. Annual precipitation ranges from 15 to 40 + inches and
elevations range from approximately 3,500 to 8,000 feet, both on an east to west trending
scale. Aspects are predominantly easterly in nature but include steep north and south slopes
within the Tumalo Creek drainage, and soil profile depths to bedrock range from moderately
deep (60 inches +) to shallow (less than 24 inches). The combination of these factors
provides primarily moderate and low inherent productivities with a lesser amount of high site
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class lands in some areas. Lands considered to be unsuited for timber management are
present, including lands at higher elevations (generally within Wilderness) and on the eastern
fringe (Soil Resource Inventory map unit #36). Table 2 provides a summary of the inherent
productivity of the soil resource based upon the cubic foot site class production figure
associated with each Soil Resource Inventory map unit.

Table 2. Inherent Productivity of Soils in the Bend Watershed

high 13,634 21%
moderate : 25,116 39%
low 22,906 35%
unsuited 2,717 4%
barren 393 0.6%

Erosional Processes

Erosional processes within the watershed are primarily surface in origin, although some
slopes in the upper portions of the Forks and Bridge subwatersheds are steep enough to
exhibit mass wasting. Summer thunderstorm and rain on snow events can produce sediment
transport despite the rapid infiltration rates of the surface mineral soil component. These
infiltration rates are offset in part by the low cohesion properties of the ash and pumice
mineral soil and, in the mountain hemlock and portions of the mixed conifer plant
associations, by a thick and relatively impervious organic litter layer. Soil particles are
readily detached by raindrop impact and overland flow energies, especially in areas where
bare mineral soil is exposed and slopes and impervious litter layers contribute to overland
flow accumulations and rates.

Areas of Concern

Soil quality within the watershed could be reduced by continued recreational development
and use. Some trail and road locations within the watershed are susceptible to contributing
sediment into perennial stream habitats. Soil quality on upland forest sites could be reduced
by harvest and fuels reduction activities in the future. Soil quality is currently at or slightly
below inherent quality levels within most of these areas. Upland soils within the private
boundaries have received the most disturbance and reduction in soil quality from past
activities. Although soil stability and productivity within the Bridge Creek Fire area is
improving slowly, south facing slopes on the Bridge Creek drainage remain susceptible to
erosion from wind or thunderstorm events.

HISTORIC CONDITIONS
Soil Characteristics

Soil profiles within the watershed generally had distinct horizons stratified according to the
timing of material deposition and the amount of weathering of the mineral components of the
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stratum. The majority of the watershed has a moderately deep cap layer of wind deposited
ash and pumice overlying glacial till or reworked volcanics. Glacial till is absent from the
eastern most portion of the watershed where either a layer of residual soil weathered from
basaltic lavas or glacial outwash underlies the ash cap. The ash cap material has weathered
into a mineral soil A, A/C and C horizon profile, with the A and A/C horizons generally
comprising the rooting zones of the forest vegetation.

The bulk density and soil strength of the surface mineral horizons and rooting zones of the
soils present within the watershed are naturally low due to the inherent characteristics of the
ash and pumice material comprising these fractions. Physical disturbances capable of
compacting mineral soil or mixing the natural stratification of soil horizons were historically
limited, although landslides had the potential for increasing the soil strength of the rooting
zone by exposing higher density subsurface materials such as glacial till or by accumulating
material in a denser mass downslope. Evidence of this mechanism operating on a
measurable scale within any of the subwatersheds is limited. Glaciation was the primary
historic disturbance within the watershed prior to deposition of the ash cap material. This
sequence of events formed a higher density subsurface soil layer comprised of till or outwash
material underneath a relatively unconsolidated and low bulk density surface layer of ash.

Soil productivity within the watershed was influenced primarily by precipitation levels and
soil temperatures, both of which are directly related to the elevational changes from the
western highlands to the eastern fringe. Annual precipitation ranges from over 40 inches in
the higher country to less than 15 inches on the eastern fringe. Soil temperatures directly
influence the length of active biological growth during the growing season and range from
frigid to cryic. Slope aspect and soil siratum also influence site productivity, examples of
which include the lower productivity of soils on landforms comprised of cinders and those
located on some of the southern aspects within the subwatersheds. Table 2 previously
summarized the inherent productivity of the soil resource within the Bend Watershed.

Erosional Processes

Erosional processes within the watershed were primarily surface in origin, although some
slopes in the upper portions of the watershed are steep enough to have exhibited mass
wasting. Landforms and cyclic climatic patterns probably generated rain on snow and
thunderstorm events that accumulated significant overland flows capable of eroding the low
cohesion soil material on the surface. Slope stability within a given subwatershed was
primarily influenced by the level of fire disturbance that had occurred in the years prior to a
significant rainfall run-off event, most notably the extent of surface mineral soil exposed as a
result of biomass consumption from fires. Although fire was a part of all the plant
associations present within the watershed, the frequency and behavior of these events varied
enough to provide different degrees and extents of slope susceptibility to erosional processes.

Natural fire cycles in the mixed conifer and mountain hemlock plant associations often led to
stand replacement fires capable ot consuming the majority of live and dead organic matter on
the soil surface. These conditions left bare mineral soil susceptible to wind and water erosion
in the immediate years following a fire. These areas also coincide with some of the steepest
slopes in the watershed, increasing the rate and extent of erosional events when they did
occur. Fire cycles within the ponderosa pine plant associations were likely lower intensity
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fires that occurred at return intervals of 5 to 20 years. These type of fire events did not
generally consume all of the organic cover on the soil surface and resulted in the exposure of
less bare mineral soil following each event. Slopes in these areas are also more gradual and
less susceptible to accumulating high energy overland flows.

CURRENT CONDITIONS
Harvest and Road History

The soil resource on federal lands within the Bridge and Forks subwatersheds is in a
relatively low impact condition due to limited amounts of past management activities and
road development. The construction of roads and trails have converted a relatively small
percentage of the soil resource into nonproductive areas dedicated for transportation and
recreation. The Bridge subwatershed has no roads within its perimeter, while the Forks
subwatershed has a low overall road density because portions are either Roadless Areas or
have had very low levels of past activities. Approximately 1,344 acres or 9 percent of the
Forks subwatershed has had documented harvest activities within the past 30 years, the
majority of which are associated with the Bridge Creek Fire salvage. The Bridge Creek Fire
salvage area is the largest area of soil disturbance on lands under federal jurisdiction within
the watershed. Although units adjacent to Tumalo Creek and a few units on steeper slopes
along the canyon walls had salvage material yarded with helicopters to minimize soil
disturbance, the majority of units incurred greater amounts of soil compaction and the mixing
of naturally stratified soil horizons from tractor yarding.

The Bull and Tumalo subwatersheds have incurred the most extensive soil impacts within the
watershed as a result of railroad era logging during the 1930’s and 40’s and various
prescription harvests during the late 1970’s and 80’s. Photo reconnaissance of 1943 photos
reveals significant coverage of railroad era operations, including rail spurs and skid trails, on
all lands that were dominated by ponderosa pine. Many of the railroad spurs remain today as
part of the road transportation system. Impacts are present on lands under both private and
federal ownership, although it appears that the extent of impacts on i.1e privately owned lands
containing ponderosa pine forests is greater.

Road density calculations reveal an extensive network of roads throughout the 17,400 acres
of private forest land within the Bull subwatershed and the 6,400 acres of private forest land
within the Tumalo subwatershed. Skid trail patterns and densities visible in 1995 photos
support the occurrence of intensive ground-based operations on the majority of acres under
private ownership over the past 20 years. Single end suspension cable yarding did occur on
steep slopes within portions of the Bridge Creek Fire salvage area. The federal acres on the
highland plateau of the Bull subwatershed were not railroad logged and have had a few
harvest entries since 1970. The federal acres in the Tumalo subwatershed were intensively

harvested by railroad era logging and have had limited amounts of recent thinning and
selective harvests.

Soil Impacts

The soil resource has been impacted to varying degrees from these past management
activities as a result of compaction, displacement of surface organics, and loss of the mineral
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soil A horizon. The productivity of the soil resource as a result of these conditions has been
altered to some extent, although the majority of sites continue to support second growth
forests and herbaceous vegetation. Since the slopes in the majority of impacted areas are
relatively gentle and organic litter layers relatively thin and non-contiguous, the effect of the
various impacts may be offset to some degree through the minimization of overland flow
energies on the surface and the increase in the percent of rainfall that is able to infiltrate the
soil surface. Despite these conditions, road systems, skid trails, and landings are extensive
enough to contribute to concentrated overland flows capable of eroding productive surface
horizon material from many upland sites. Most of the private and federal acres that are
impacted from past activities are outside the immediate canyons of perennial streams,
although there are the acres on steep slopes within the Bridge Creek Fire area that form the
canyon sides of Tumalo Creek. Helicopter and cable yarding of salvage material limited the
amount of impact that was incurred on these sites and the majority of these acres have also
been stabilized to varying degrees by planted trees and regenerated shrubs.

The type and extent of past management activities within a subwatershed is useful in
identifying areas that will most likely have detrimental conditions as a result of compaction
from machine traffic or exposure of mineral soil. Areas with harvest activity records can be
further stratified into condition classes based upon the type of harvest system used, the
volume of material removed and the density of skid trails remaining on the landscape. The
following table summarizes the extent of harvest activities since 1970 within each of the 4
subwatersheds included in this analysis.

Table 3. Acres of Documented Past Management Activities Within Each Subwatershed
Since 1970

‘" total acres > <. | . acres impacted; Y of subw;
4203 200 5%
26,221 111/ 17,429 * 1% / 66%
15.612 1344 9%
15,605 690 / 5,332 * 4%

* acres impacted includes those on federal land / private land in the subwatershed. Impacts
on federal acres do not reflect railroad era logging, which are estimated to have covered 30
percent of the land currently under federal jurisdiction in the Tumalo subwatershed. Private
land acres impacted reflects primarily railroad era logging impacts and cumulative selective
harvest entries in the past 20 years.

Condition Classes

The existing condition of the soil resource is stratified into 4 condition classes as determined
by the percentage of a given area considered to be in a detrimental state. Detrimental
conditions include compaction, displacement, burn damage and/or puddling to such a degree
that site productivity is reduced. Condition Class A includes areas with detrimental damage
of 0 to 10 percent, Class B: 11 to 20 percent, Class C: 21 to 40 percent and Class D: >40
percent. The following table summarizes the existing condition classes within each of the 4
subwatersheds using past activity databases and photo interpretation. The figures are
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estimated acres and are not yet digitized. Condition Class D areas are roads only and are

overlap acres.

Table 4. Existing Condition Classes Within Each Subwatershed

Bridge 4,023 (95%) 200 (5%) - -
Bull 7,652 (29%) 1,140 (4%) 17,540 (66%) 228 (1%)
Forks 14,268 (91%) 631 (4%) 713 (5%) 38.6 (<1%)
Tumalo 1,059 (7%) 8,549 (55%) 5,997 (38%) 164 (<1%)

Erosional Processes

Erosional processes within the watershed are dominated by overland flows during higher
volume rain events. The area is most susceptible to these erosive forces during rain on snow
events when run-off volumes can become very significant in a short period of time. The
Bend Watershed and the Tumalo Creek drainage were heavily tested during a 3 day,
February 1996 rain on snow event that produced high volume run-off from the melting of an
estimated 4 feet of snowpack. Sediment movement that did occur was the result of overland
flows since no landslides occurred within the watershed during this event. Rates of erosion
appear to be only slightly elevated from historic levels as a result of past harvest activities
and the road systems that are in place. The minimal amount of erosion that did occur is
attributable to the low levels of impact present within the upper subwatersheds, specifically
the low density of roads and the lack of harvest units in which skid trails or landings
contribute to the volume and energy of accumulated run-off.

The greatest movement from overland flow processes has occurred within the Bridge Creek
Fire area over the past decade, where exposed mineral soil having very low cohesion
properties and slopes exceeding 30 percent elevate the risk of soil movement during rain
events. Sheet erosion within the Bridge Creek Fire area contributes the majority of sediment
that reaches Tumalo Creek, although evidence of rill or gully erosion following the 1996
event was minimal. Revegetation of this area has occurred in the nearly 20 years following
the fire to levels capable of minimizing soil loss during major run-off events.

While the type of erosional processes have not been altered within the watershed, the
construction of roads and trails, along with the suppression of fire, have likely changed the
extent of soil movement during run-off events. Overland flows probably have increased in
some areas adjacent to constructed roads and within areas where road densities are high.
Sediment transport from upland areas to perennial streams is occurring and is primarily
related to existing roads and recreational trails that are within the immediate canyons in
which these streams are located. These areas are not extensive and are related to a few
specific roads and trails discussed in Chapter V. Road 370 and Road 4601, as well as the
North Fork Trail, are the primary contributors of sediment, although total amounts are
limited to some extent in terms of volume and time.
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Although quantitative measurements are difficult, the suppression of fire within the
watershed has also affected sediment movement both positively and negatively. While
suppression has limited the amount of the soil resource directly exposed to erosional
mechanisms, the increased depths and aerial extent of litter and duff layers in some areas as
a result of reduced fire consumption likely contributes to a reduced rate of infiltration during
rainfall events and a subsequent increase in the amount and erosive energy of overland flows.

Fire suppression over the last 80 years may have actually decreased the extent of sediment
movement within the watershed from that which occurred historically. Although the Bridge
Creek Fire created the most extensively disturbed area within the watershed due to the high
consumption rate during the event and the salvage activities that followed, there are no other
areas of significant size that have had a stand replacement event in the last 80 plus years. As
a result, the total amount of bare mineral soil susceptible to rain and wind erosion is likely
less than at a given point of time in the historic past if historic fire return intervals in the
various plant associations are considered.

The volume of sediment movement as a result of past harvest activities and the road and trail
systems that are in place have not been quantified in all the subwatersheds, but are reflected
by sediment measurements at the City of Bend Municipal Watershed intake. Turbidity levels
at the downstream end of the Bridge Creek Fire area most likely increased in the immediate
years following the fire, although no samples were recorded. Bedload sedimentation
measurements within this reach of Tumalo Creek do support a trend of increased deposition
of sediment during the years following the fire. The rates of sediment movement from within
the fire area are likely to decrease as vegetative growth stabilizes adjacent watershed slopes.

Soil conditions within the Forks and Bridge subwatersheds have not been altered
significantly from those present historically due to their primary designation as Wilderness,
Municial Watershed, or Roadless area. This has resulted in the minimal development of
roads and has limited soil disturbance activities such as timber harvesting. A section of
private ownership in the southeastern portion of the Forks subwatershed has been harvested
during the summers of 1997 and 1998 and represents the most recently impacted area in
these 2 subwatersheds. The Bridge Creek Fire area is the only other one of appreciable size
that has been impacted from harvesting activities in these subwatersheds. The primary soil
disturbance activity in these subwatersheds has become the construction and use of
recreational trails and the low maintenance of high elevation roads such as Road 370 and
Road 4601. Both activities have resulted in isolated areas of soil compaction and vegetative
removal. Use trends are expected to increase over time, likely with an associated increase in
resource impacts.

The Tumalo and Bull subwatersheds have had more harvest activities in the past and have an
extensive supporting transportation system developed within them. The area impacted as a
result of these activities appears to have been enough in some areas to alter soil productivity
through the loss of surface mineral soil via erosional mechanisms and the compaction of
mineral soil A and A/C horizon material. Lands aquired by the Forest Service under the land
exchange with Crown Pacific, especially those on the north side of the Tumalo Creek
Canyon, are highly impacted from past activities and have relatively high road densities.
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The majority of harvest activity on federal lands in the Tumalo and Bull subwatersheds
occurred during the railroad era harvests of the 1920°s and 30’s, leaving middle-aged, second
growth ponderosa pine stands that are not expected for commercial harvests within the next
10 years. Very little recent activity is apparent within the ponderosa pine stands on federal
land in these subwatersheds. Soil conditions would be expected to remain at moderately
disturbed levels, improving slowly as litter and duff accumulated underneath a maturing
forest. Soil conditions on private forestlands would also be expected to remain near existing
conditions, although impacts from selective harvests have been a greater component of
management on private forest land in the past 20 years and have incurred higher levels of soil
disturbance. Harvest activity on these lands would be expected to continue at current levels
into the future. Lands aquired by Crown Pacific from the Forest Service in the land
exchange are likely to have an increase in harvest activity within the next 10 years.

Soil Needs Assessment

-- Forest lands within the Tumalo and Bull subwatersheds in condition class C or D are in
need of the amelioration of compaction levels to maintain site productivity and reduce
sediment movement off site and into perennial streams.

-- In order to reduce the risk of resource damage in the short-term, the design and
maintenance levels of recreational trails within the watershed need to keep pace with changes
in the type and amount of use.

--Trails constructed without properly designed grades and locations for their intended uses
have an elevated rick of creating resource damage via erosional and sedimentation pathways.

-- In some areas, trails originally constructed for hiking that are now used by mountain bikes
are in need of relocation and redesign. Proposals for new construction or acquisition of trails
need to include resource specialist and trail user input on location, design and maintenance
levels.

-- Monitoring of resource conditions along trail corridors needs to continue in order to track
impacts that are a result of use or management designations.

-- The appropriate use and maintenance levels of these roads need to be assessed at the
project level in order to reduce resource impacts which are currently occurring as a result of
erosion and sedimentation.

-- Soil restoration associated with compaction from past mechanized harvest operations
should occur in upland areas within the Tumalo Creek drainage, especially forestlands
acquired by the Forest Service from Crown Pacific. Activity areas identified as being in
condition class C or D under the existing condition analysis are included in these
recommendations.

-- Trail relocation and redesign resulting from changes in use is needed on the South Fork
Trail where mountain bike use is eroding the trail tread and exposing tree roots. The need for
these actions is immediate because trail conditions are deteriorating at an accelerated rate and
a perennial stream is located adjacent to this trail.
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-- The acquisition of portions of an existing trail leading from Shevlin Park to Road 4601
should include an assessment of current use restrictions and trail tread design before any
changes occur. The trail is currently functioning in a low impact, low user conflict condition.

-- The use and maintenance levels of Road 37u and Road 4601 are the highest priority
identified for the transportation system within the Bend Watershed. Current erosional
damage is contributing sediment to perennial and ephemeral stream channels and should be
addressed in the immediate future. Despite seasonal closures, impacts to the sensitive soils
and high meadow vegetative resources continue to occur as use of Road 370 continues to
increase. Recent breaches of off-road restrictions and gated closures reflect the need to
assess the management of this road in a sensitive, high elevation location.

-- The grade of Road 4601 as it climbs out of the Tumalo Creek drainage is also in need of
reassessment. Current grades exceeding 10 percent in a direct line upslope have created rill
and gully erosion on the road bed with direct movement of sediment into the Tumalo Creek
drainage. Relocation of this grade with appropriate switch backs to reduce grades should
occur in the immediate future.

-- Some spur road and skid trail restoration and obliteration is recommended on slopes within
the Bridge Creek Fire area.

AQUATIC SPECIES
HISTORIC CONDITIONS
Composition and Distribution

Redband trout may have been the only fish species occupying waters within the Bend
Watershed. There are no historical records of any other fish species. Their distribution was
most likely throughout Tumalo Creek up to Tumalo Falls, in Bridge Creek to the first falls
approximately 0.3 miles upstream from the confluence with Tumalo Creek, the South Fork
close to the headwaters, and in an unnamed creek draining Tumalo Lake which has no fish.

In recent years, there have been unverified reports of bull trout sightings. Whether bull trout
are indigenous to the watershed or not is a controversial issue. According to the Oregon
Department of Fish and Wildlife, highly fluctuating flows and lack of deep pools are the
limiting factors keeping bull trout and mountain whitefish from residing in Tumalo Creek.
There were and still are several habitat features favorable to bull trout. Cool water
temperatures throughout the season are within a range tolerated by bull trout. Cooler water
temperatures occur during the fall months (less than 9 degrees Centigrade) which are critical
to induce spawning in bull trout. Water temperatures approaching 2 to 4 degrees Centigrade
in mid to late fall are the optimum temperatures for embryo survival and increased size of
alevins. There are adequate gravels for spawning in some reaches, especially within the
Bridge Creek Fire area although the fine sediment volumes are higher than desired. Fine
sediment volumes prior to the fire were likely lower, although no data is available. The large
accumulations of instream wood are a preferred habitat feature for bull trout. Within the
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Bridge Creek Fire area, numerous side channels and beaver ponds provide rearing habitat
and refugia from high flows.

Besides the lack of deep pools, another characteristic of Tumalo Creek and its tributaries that
would be unfavorable to inhabitance by bull trout is the occasional fall storm event that could
dislodge embryos in the gravels.

The introduction of eastern brook trout in the watershed jeopardized the existence of bull
trout, if they were indeed indigenous. The 2 species compete for food resources and
commonly hybridize. Offspring are usually sterile.

Stream invertebrate communities were relatively diverse, abundant, and widespread, and
composed of species typical of cool, eastern Cascade streams.

Habitat Conditions

The habitat conditions were similar to current conditions, with the exception of the effects of
the fire, roads, and the flow diversions. Waterfalls prohibited fish distribution into the
headwaters. Shade and instream wood were abundant, substrates were cobble, gravel, and
small boulder dominated, streambanks were vegetated and stable, and habitat types were
dominated by riffles. Fine sediment volumes in the spawning gravels were likely lower than
current conditions, as streambanks had higher stability and there were no road crossings.

Water temperatures were probably lower than current conditions because all stream reaches
were shaded with large conifers and the cool springs currently feeding the municipal water
supply would have cooled the Middle Fork. Bridge Creek and the upper reach of the Middle
Fork would have been the exceptions. The water temperatures of Bridge Creek have been
cooled from the input from the spring water and the upper reach of the Middle Fork above
the spring source has been cooled from the input from the Crater Creek Canal.

The diversity of benlders, gravels, organic debris, and stream velocities provided various
habitat types for invertebrate communities.

CURRENT CONDITIONS
Composition and Distribution

Self-sustaining stream populations of rainbow trout and eastern brook trout overlap and are
widespread in the watershed, found even above migrational barriers. Populations were likely
established above the barriers either from official stockings conducted by the Oregon
Department of Fish and Wildlife or by private citizens seeking to increase the area of
distribution. Populations are generally distributed in streams up to where low flow or high
velocities due to high gradient becomes limiting. The dam on Bridge Creek at the municipal
water intake is a migrational barrier. There are no fish found in any of the lakes except for
Tumalo Lake which contains eastern brook trout. A majority of the fish in the watershed are
small in size (less than 8 inches) resulting in relatively light fishing pressure (See Exhibit 9).
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The rainbow trout may actually be redband trout, a Forest Service Region 6 Sensitive
Species. Redband trout are an inland version of the coastal rainbow trout. Rainbow trout
were stocked in the watershed annually from 1948 until 1972, and may have hybridized with
the native redbands, diluting the genetic purity. Specimens of rainbow trout were collected
from Tumalo Creek in 1994 for genetic analysis with results still pending.

The eastern brook trout, native to the cast coast of North America, were widely introduced to
the western United States early in the 20th century. The Tumalo Creek drainage was stocked
with eastern brook trout for the first time in 1948. Specifically, they are not a trout but a
char, being closely related to the bull trout. Brown trout are suspected to inhabit Tumalo
Creek at the eastern edge of the watershed. Brown trout are exotic to North America, having
been introduced from Europe late in the 19th century. They were introduced to the
Deschutes River over 50 years ago and have spread their distribution into Tumalo Creek.

The eastern brook trout are very prolific and can overpopulate a stream or lake resulting in
numerous fish of a small size. There is evidence for this occurring in the burned area of
Tumalo Creck based upon electrofishing sampling. Very few of the fish exceeded 6 inches
in length. Sampling has indicated that brook trout make up approximately 75 percent of the
population within the Bridge Creek Fire area while the other 25 percent are rainbow trout.

The stream invertebrate community is likely similar to historic conditions. There has likely
been an increase in species that graze on algaes within the Bridge Creek Fire area with the
opening of the canopy.

Wilderness Landscape Area

There are no known fish populations in the Wilderness Landscape Area.

Bridge Watershed Landscape Area

Rainbow trout have been documented in Bridge Creek and have likely been dis.:ibuted up to
the junction with the Bridge Creek Canal. Eastern brook trout are speculated to inhabit
Bridge Creek and would have a similar distribution.

Cold Forest/Unroaded Landscape Area

Eastern brook trout inhabit the North Fork of Tumalo Creek close to the Wilderness
boundary, a small spring-fed tributary to the North Fork, Tumalo Creek, and the Middle Fork
of Tumalo Creek upstream to the confluence with Crater Creek Canal.

Front Country/Transition Landscape Area

Eastern brook trout and rainbow trout occupy Tumalo Creek, the South Fork of Tumalo
Creek upstream close to the headwaters, and Bridge Creek upstream to the dam at the
municipal water intake. Trout, primarily eastern brook trout, are also found in the several
beaver ponds formed in small tributary streams to Tumalo Creek within the Bridge Creek
Fire area. Eastern brook trout also reside in Tumalo Lake and the small stream that drains it.
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Exhibit 9
Bend Watershed Analysis
HISTORIC AND CURRENT FISH DISTRIBUTION
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Dry Forest Landscape Area

Eastern brook trout and rainbow trout inhabit Tumalo Creek. There may also be brown trout
in the downstream reaches of Tumalo Creek.

Private/Dry Forest Landscape Area

Eastern brook trout and rainbow trout inhabit Tumalo Creek. There may also be brown trout.
The other small streams within this landscape area do not contain any known fish
populations.

Habitat Conditions

Within the streams, the numerous falls and the paucity of pool habitat are the major habitat
features that limit the fish populaitons. Stream reaches are generally riffle dominated, having
only 5 to 10 percent pool habitat. Streamflows have been altered for downstream irrigation
purposes, but there are some favorable instream habitat conditions. With the exception of the
area burned by the Bridge Creek Fire, the riparian zones are relatively intact with mature
stands of mixed conifer and brush providing shade, overhead cover, and instream large wood
recruitment. There are adequate amounts of gravels, cobbles, and boulders for spawning,
rearing, and macroinvertebrate habitat. Water temperatures are relatively cool, generally less
than 55 degrees Fahrenheit, even in the summer. The cooler temperatures likely limit growth
rates of fish. Instream large wood is fairly abundant, decreasing in higher gradient reaches
where it is displaced with high flows.

VWilderness Landscape Area

The perennial streams within this landscape area are relatively small and high in gradient and
do not provide fish habitat.

Bridge Watershed Landscape Area

Shade and potential instream wood recruitment was nearly eliminated in the lower 0.5 mile
of Bridge Creek by the 1979 fire and subsequent wood salvage. The natural flow of Bridge
Creek is increased substantially from the input from the canal (up to 17 cfs) which has
increased fish habitat. Waterfalls and the lack of pools limit the fish population. Instream

large wood is relatively abundant with over 200 pieces per mile which provides fair to good
hiding cover.

Cold Forest/Unroaded Landscape Area

The habitat conditions are relatively undisturbed with the exception of a few trail and road
crossings and flow alterations within the Middle Fork of Tumalo Creek. Fish habitat is
limited by the presence of waterfalls, high gradient and a lack of pools.

The upper reach of the Middle Fork receives additional flow during the summer from outside
the watershed via the Crater Creek Canal which originates on the flanks of Broken Top. The
increased volume improves fish habitat but also introduces fine sediments. The diversion of
spring water into the Bridge Creek Canal, flow that would naturally enter the Middle Fork,
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decreases fish habitat within the Middle Fork. However, this loss of flow is largely offset by
the flow from the Crater Creek Canal during the summer months. Poor drainage and stream
crossings along Road 4601-370 (fords) contribute some fine sediments to watercourses.

Front Country/Transition Landscape Area

Fish habitat conditions were greatly altered by the Bridge Creek Fire which burned
approximately 3 miles of riparian habitat along Tumalo Creek and another 0.5 mile on the
South Fork of Tumalo Creek. The tall pine, spruce, and fir have been replaced by brush
species such as mountain alder. Despite the loss of shade, the water temperatures remain
relatively cool, rarely exceeding 55 degrees Fahrenheit. Stream bank erosion and widening
of the channel is evident in several areas on Tumalo Creek with the loss of the vegetation
after the fire. Despite the lower gradient in this reach, pool habitat still makes up only about
7 percent of the habitat types. Instream large wood was increased with stream restoration
projects to replace what was taken out after the fire salvage operation, which included both
the removal of instream wood and streamside standing trees. Flood events in 1995 and 1996
created movement of the instream wood, resulting in large log jams and pushing much of the
wood onto the fringes of the stream. While some of these log jams provide excellent hiding
cover for fish, much of the wood is not available to create habitat except during high flow.
There are abundant gravels and cobbles for spawning and macroinvertebrate habitat, but the
sediment sampling of the substrate has indicated volumes of fine sediments above the desired
levels, which are less than 20 percent.

Instream flows